ABSTRACT Background: Developing countries are at high risk of epidemic increases in tobacco smoking, but the extent of this problem is not clearly defined because few collect detailed smoking data. We have surveyed tobacco smoking in the Ashanti region of Ghana, a rapidly developing African country with a long-established tobacco industry. Methods: We took a random sample of 30 regional census enumeration areas, each comprising about 100 households, and a systematic sample of 20 households from each. These were visited, a complete listing of residents obtained and questionnaire interviews on current and past smoking, age at smoking uptake, sources of cigarettes and other variables carried out in all consenting residents aged 14 or over. Results: Of 7096 eligible individuals resident in the sampled households, 6258 (88%; median age 31 (range 14-105) years; 64% female) participated. The prevalence of self-reported current smoking (weighted for gender differences in response) was 3.8% (males 8.9%, females 0.3%) and of ever smoking 9.7% (males 22.0%, females 1.2%). Smoking was more common in older people, those of Traditionalist belief, those of low educational level, the unemployed and the less affluent. Smokers were more likely to drink alcohol and to have friends who smoke. About 10% of cigarettes were smuggled brands. About a third of smokers were highly or very highly dependent. Conclusions: Despite rapid economic growth and a sustained tobacco industry presence, smoking prevalence in Ghana is low, particularly among younger people. This suggests that progression of an epidemic increase in smoking has to date been avoided.
Smoking is the largest avoidable cause of death and major non-communicable disease worldwide. 1 2 Although historically prevalent in economically developed countries and rare in the developing world, this pattern of smoking is now beginning to reverse as smoking prevalence rises in the developing world, particularly among men. 3 Consequently, approximately 70% of the 10 million deaths from tobacco-related causes expected by 2030 will occur in developing countries, 4 where epidemic increases in smoking prevalence will inflict major public health impacts throughout the 21st century. 5 6 Smoking surveillance and prevention should therefore be high priorities in these countries, 1 but although many have committed to implement the World Health Organization Framework Convention on Tobacco Control (FCTC), 7 the tobacco control resources available to do so are typically very limited. Reliable data on country prevalence and trends in prevalence in the developing world are few. 8 Ghana is a country in sub-Saharan Africa with a population of about 22 million, a gross national income (in 2005) of $450 per capita, has had a stable democracy since 1992 and recent economic growth of around 6% per year. 9 British American Tobacco has had a manufacturing presence in Ghana for most of the past 50 years. 10 Ghana is therefore likely to be at a relatively high risk of involvement in the tobacco epidemic, but detailed information on smoking in the general adult population is not available. This study was carried out in the most populous region of Ghana to investigate the extent of tobacco use in Ghana, measuring current and ever smoking, age and year of uptake of smoking, the demographic characteristics of smokers, the main risk factors for smoking and main sources of tobacco, smoking cessation patterns and other variables, to characterise and describe the extent to which tobacco smoking has become prevalent.
MATERIALS AND METHODS Study site
Ghana is situated a few degrees north of the Equator on the West African Gulf of Guinea, has a total area of 238 540 km 2 and a current population of about 22 million. The Ashanti region, where the study was carried out, is located in central area of Ghana and, with a population of over 4.4 million people in 2006, 11 is the most heavily populated of the 10 regions of the country. The region's demographic characteristics are comparable with national data, 12 suggesting that it is broadly representative of the country.
Sample design
We used two-stage cluster randomised sampling to recruit a representative sample of Ashanti Region residents aged 14 years and above. Our initial sampling frame was the list of Ashanti Enumeration Areas (EA) from the 2000 Ghana population and Housing Census; EAs are population counting units, each typically comprising about 100 households. We stratified the list of EAs into rural and urban, and took a random sample of 30 (15 urban and 15 rural) EAs for study.
Fieldworkers from the Ghana Statistical Service of the Ashanti Region were then engaged to visit each sampled EA, and to identify a 20% systematic sample of houses in each EA by walking a serpentine route through the EA and making a chalk mark on the wall of every fifth house. These houses were then visited by trained fieldworkers who explained the study and obtained informed consent (with approval given by way of signature or thumbprint as appropriate) before conducting a face-to-face interview separately of all individuals aged 14 and over using structured questionnaires. Up to three repeat visits were made to capture data for individuals who were not present at the first visit. We excluded individuals living in institutions (such as hospitals, prisons and hotels) and foreign nationals. The survey was completed between December 2007 and May 2008.
Data collection and study variables
The smoking questions were based on those used in the UK General Household Survey 13 and the International Tobacco Control survey, 14 supplemented by questions on local issues relevant to smoking. The questionnaires were translated and back-translated from English into local Asante Twi language and pilot tested in a sample of 20 households outside the study area. Questions covered demographic and socioeconomic variables, cigarette smoking and, for anyone who has smoked, brand, price paid and usual place of purchase, age at onset of smoking, duration of regular (at least daily) smoking, current use of tobacco products other than cigarettes, the number of close friends who smoke and other variables. A current smoker was defined as someone who reported that they had smoked at least 100 cigarettes over his or her lifetime and smokes nowadays; an ex-smoker one who had smoked at least 100 cigarettes but reported never smoking a cigarette, cigar or pipe now. We used questions on ownership of consumer goods to categorise socioeconomic status. Dependence on smoking and tobacco use were measured using the modified Fagerstrom score, 15 from a set of six questions assessing smoking addiction on a 10-point scale. Dependence was classified from a maximum score of 10 into very low (0-2), low (3-4), medium (5), high (6-7) and very high (8) (9) (10) . We also asked a range of questions covering smoking policy at respondent's place of work, support for smoking regulations in indoor public areas, knowledge of health effects and diseases caused by smoking, beliefs about the dangers of different tobacco products and other factors. These data will be reported separately.
Sample size and power
Ashanti has a 51% urban and 49% rural population. Sampling urban and rural EAs in a 1:1 ratio, and anticipating (from estimates based on local knowledge) that smoking prevalence would be of the order of 5% to 10%, and a design effect (that is, a multiplication factor for sample size to allow for clustering within household) of up to 2, a total sample of 6000 participants was estimated to allow us to estimate the prevalence of smoking in the urban area to within 1% and in the rural area (where prevalence was expected to be slightly lower) to within 2%. The sample size also provides over 95% power to detect a twofold or greater difference in prevalence between urban and rural areas, or between exposed and unexposed individuals, for any risk factor occurring in at least 20% of the population, taking an a of 5%.
Ethics approvals
Approval for the study was granted by the committee of human research and ethics of the School of Medical Sciences of the Kwame Nkrumah University of Science and Technology, Kumasi; by the ethics review board of the Ghana Health Service in Accra; and the local ethics committee of the University of Nottingham, UK.
Data analysis
Data were analysed using Stata SE version 10, and using the survey commands to allow for the sampling design, including the stratification by locality, and the clustering by EA and household, and to weight for gender differences in participation in relation to the ascertained study sample, and also in relation to the gender distribution reported in national survey data. Proportions and 95% confidence intervals were obtained as estimates of prevalence. Multivariate analyses of predictors of smoking status were conducted using logistic regression, adjusting for age, gender and urban/rural locality type where appropriate.
RESULTS

Characteristics of study participants
Of the 7096 individuals (2900 males, 4196 females) ascertained to be members of the sampled households and thus eligible for the study, 6258 (88%; 78% of men and 95% of women) participated. Of these, 2274 (36.3%) were male and 3984 (63.7%) were female. The median age of participants was 31 (range 14-105). In both urban and rural areas, the median number of household members among study participants was 3 (range 1-18). Table 1 summarises the sociodemographic characteristics of the study participants and illustrates the relatively high proportions of participants who were female, from younger adult age groups, from the Akan ethnic group, who were self employed, had attained secondary level of education and who described themselves as of the Christian faith.
Prevalence and amount of smoking
Current smoking was reported by 202 (8.9%; 95% confidence interval 7.3% to 10.5%) males and 11 (0.3%; 0.1% to 0.4%) females. The unadjusted overall prevalence of smoking was 3.4% (3.0% to 3.9%), and the prevalence adjusted for male under-response 3.8% (3.1% to 4.4%). Adjustment for male under-representation in the study sample, by population-based weighting using national survey data, 12 increased the estimate of current smoking prevalence by about 0.9 percentage points, to 4.3% (3.6% to 5.0%). The unadjusted prevalence of ever smoking was 8.7% (8.1% to 9.5%, comprising 22.0% (19.3% to 24.8%) of males and 1.2% (0.7% to 1.6%) of females), and the prevalence adjusted for male under-response was 9.7% (8.4% to 10.9%). There were 334 ex-smokers, the numbers of which were distributed evenly across all ages over 20 years, with age-specific proportions that increased from 1.8% in the 14-19 age group to 12.6 in the over 70 age group (table 2) .
The median number of cigarettes smoked per day by male and female current smokers was respectively 6 (interquartile range 1-40) and 5 (4-10) on weekdays, and 19 (2-70) and 11 (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) at the weekend. Table 1 also details the associations between current smoking and various sociodemographic and other characteristics. Smoking prevalence was similar in urban and rural areas and across ethnic groups, and was higher in men, in older age groups (other than in those aged over 70 years), among those of Traditionalist faith, among the unemployed and those with no or only primary education. Smoking was slightly but not significantly more common in those who owned a radio or television, and lower in those who owned a telephone or car. Smokers were more likely to drink alcohol, to have friends who smoke and significantly less likely to take regular exercise.
Determinants of smoking
Age at uptake of smoking, sources of tobacco products, level of addiction and other characteristics of current smokers are shown in table 3. Just under half of all current smokers started smoking before the age of 20 and 87% by the age of 30.
Cigarettes tended to be purchased from drinking spots or pubs rather than shops, and the majority of brands purchased were those marketed in Ghana by BAT Ghana Ltd. Brands that are not marketed in Ghana but are available in neighbouring countries (Bond and Gold Seal from Togo, Craven from Côte d'Ivoire) accounted for about 10% of purchases. Over 40% of smokers spent more than 1 Ghanaian cedi (GHC; 1 GHC being approximately equivalent to $US 1) on cigarettes per day. Over a third of smokers had high to very high dependence on cigarettes. Approximately a quarter of current smokers had used smokeless tobacco in the past 6 months.
The number of smokers in the study sample taking up smoking each year, grouped by smoking status into ever, current and ex-smokers is shown in figure 1 . The plot demonstrates that within this predominantly young study population, with the exception of two peak years since 2000, the numbers taking up smoking rose only slowly over time. The proportion of ever smokers who were ex-smokers was broadly similar across most of the age range of respondents (table 2) .
DISCUSSION
This is the first study to provide detailed data on the prevalence and determinants of smoking in Ghana. Our finding of higher smoking prevalence among men is consistent with previous studies in Ghana 8 16-19 and elsewhere in Africa, 8 20-23 while our overall adjusted estimates of current smoking prevalence, at 3.8%, and of ever smoking at 9.7%, indicate that the prevalence of smoking in Ghana is one of the lowest in Africa. 8 Our data on self-reported age at uptake of smoking, combined with the lower rates of current smoking among younger than older age groups and the high proportion of ex-smokers in all age groups, suggest that population uptake has increased only slowly during the past 50 years or so, and therefore that Ghana has thus far avoided the marked increase in smoking prevalence that often accompanies economic development.
We limited our study to the Ashanti region of the country for logistic reasons, but chose this region because it is the most heavily populated of the 10 regions of Ghana, and is generally representative of the national population. 12 Participation was high, at 88%, though higher in females than males, and we weighted our prevalence estimates to allow for this nonresponse. Nevertheless, the male-to-female ratio of our sampled population at 59:41 differed from the national ratio of 53:47. 19 The reasons for the male under-representation is not clear; we attempted to ascertain the names of all long-term residents (defined as any person who had lived at the address for at least one year) in each household, and one possibility is that a substantial proportion of men had left or were otherwise longterm absentees from the family home. We have no further data to assess whether the smoking behaviour of the men in our sample population is representative of men in Ashanti, or in the wider Ghanaian population. However, allowing for male underrepresentation relative to the national population increased our prevalence estimate by only 0.9 percentage points. We Table 2 Numbers of current smokers, ex-smokers and ever smokers, and proportion of ever smokers who are ex-smokers, by age attempted to minimise the possibility that responses would be affected by social pressures against smoking, particularly on women and young people, by interviewing respondents individually, and as privately as possible. However, it is possible that such pressures have resulted in a degree of underestimation of true prevalence in those groups. Previous studies of smoking in Ghana are few and have involved either very small and unrepresentative samples, [24] [25] [26] have been limited to young people, 27 or in the case of the one national survey to date, based on responses to only three questions. 19 However the findings of these studies are all broadly consistent with ours, indicating that the prevalence of smoking in Ghana is indeed low in absolute terms, and in relation to other countries in sub-Saharan Africa. 8 The low prevalence of smoking among women is a typical finding in African countries, 8 23 28 and has been attributed to limitation of opportunities to smoke by low levels of economic independence among women, 28 29 and sociocultural contexts within which smoking among women is often considered to be immoral. 30 31 Our observation that current smokers are likely to have friends who smoke, tend to use alcohol and to be less physically active, is also consistent with other reports. 32 33 That cigarette consumption almost doubled over the weekend perhaps also reflects the influence of social pressures or incentives to smoke. Our finding that smoking is more prevalent among the less well educated, less economically active and relatively less affluent members of the population contrasts with the typical pattern of the early stages of uptake of smoking in most countries, including many developing countries, 34 where smoking of manufactured cigarettes often occurs first among those in paid employment. 16 Our findings demonstrate that smoking imposes a substantial economic cost on those who smoke, since most smokers spend more than one Ghanaian cedi on smoking per day; this represents about a third of the likely wage of the typical smoker in our study. 35 That approximately 10% of all cigarettes purchased by our study population were brands that are not marketed in Ghana affirms the longstanding problem of smuggling in Ghana, particularly from Togo. 8 36 Ghana has enjoyed consistent economic growth over recent years, and from the time that Ghana first became independent in 1957 until as recently as 2006, British American Tobacco has had an active manufacturing facility in the country. Given this relative affluence and a local source of manufactured cigarettes from an early stage, Ghana might therefore be expected to be at a relatively advanced stage of the tobacco epidemic in relation to other developing countries, and to have a relatively high prevalence of smoking. The picture emerging from our data is however more complex, perhaps reflecting the inability of the traditional model of the tobacco epidemic, based on trends observed in the West 37 to adequately explain patterns elsewhere. Thus, although the low rates of smoking and gender disparity suggest Ghana may be at an early stage of the epidemic, most aspects of our data (the significant proportion of ex-smokers, lower rates of smoking in younger than older age groups and lower rates among the more educated), are all consistent with Ghana being at a relatively late stage, and therefore perhaps avoiding the expected high prevalence of smoking. Results consistent with this interpretation, reporting a fall in smoking prevalence among civil servants in Accra, have been reported elsewhere. 38 Cultural factors may have had a strong influence on the pattern of smoking in Ghana. Ghana is a religious country with substantial Christian (70%) and Muslim (17%) populations, 19 among whom smoking was relatively uncommon in our study, in contrast with those of Traditionalist (a belief in the existence of lesser gods, with adherence to traditional Ghanaian customs) faith. Whether these associations are causal, and if so how, is not clear from our data. We have also reported elsewhere 10 that Ghana's low smoking prevalence and tobacco use may also have been attributable to the imposition of partial government ownership of the main tobacco company in Ghana at the early stage of epidemic growth in smoking prevalence in the 1970s and 1980s, and to a lack of foreign exchange to fund tobacco leaf importations in addition to implementation of a ban on tobacco advertising in 1982. [39] [40] [41] In reality, Ghana's experience of low tobacco use and smoking prevalence to date probably reflects a broad mix of cultural and political influences, and does not necessarily imply that a more marked increase in smoking prevalence will not occur in the future. It remains to be seen whether Ghana's experience will be replicated in other developing countries in Africa and elsewhere in the world.
What this paper adds
c This study provides the first comprehensive assessment of the prevalence and determinants of smoking in a Ghanaian population. c It shows that despite economic growth and an active tobacco industry presence in Ghana, smoking prevalence remains very low. c The findings suggest that Ghana's smoking prevalence may have already peaked and declined and that a major smoking epidemic is not inevitable. c Possible reasons include cultural factors, partial state ownership of the tobacco industry, timely cigarette shortages and an early tobacco advertising ban.
